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REPORT No. 23.

PART 1.

PERFORMANCE OF AERONIT% ENGINES AT HIGH ALTI-

By H. O. Drcxmson.

INTRODUCTION.

This investigation was originally undertaken as a continuation of
the work on carburetion reported on by Prof. Lucke in the second
annual report of the committes. The. intention was to undertake
a study of carburetion and carburetor performance in connection
with several types of aeronautic engines under varying conditions
of temperature and pressure.

While this pr. was under development members of the French
War Mission and others ur%ed upon the committee the importance of
makz'.rﬁ a ?ecial study of the problem of engine performance at
high altitudes. The original carburetion program was, therefore,
modified and made & part of a somewhat more comprehensive under-
taking, viz, the design, construction, and equipment of a special
laboratory for the study of engine performance in genersal, including
carburetion, under conditions corresponding to the highest altitudes
T oh & Jaboratory has b designed, built, and full ped

uch a laboratory een desi , built, an equi: .
Preliminary runs haye been made for developing test proycec(llurg and
the plant is in such condition that the following operations and
measurements can now be made:

(@) A test chamber in which the engines are mounted can be re-
duced to any air pressure as low as one-third of an stmosphere.
The air in this chamber can be maintained at a low temperature
and circulated about the ex:fme by means of fans at a high velocity.
The engine is controlled and all measurements are made from outside
this chamber. :

(6) The temperature of the cylinder-jacket water is controlled by
means of a thermostat, the amount circulated is metered, and its
rise in temperature measured. Thus the heat taken away by the
circulating water can be calculated.

(¢} Provision is made to weigh the fuel supplied to the engine.

(@) The air supplied to the carburetor is metered and its temper-
ature measured.

(¢) The exhaust is water-cooled. This water is also metered and
its rise in temperature measured so that the heat given out in the
exhaust can be calculated.
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The pressures in the intake, the exhaust chambers, and the
main test chamber can be measured, and there is provision for
partial automatic control. Provision is also made for measuring
such other pressures as may be desired.

(9) The temperature of the air in the test chamber and such other
temperatures as may be of interest in various parts of the engine
or elsewhere can be measured. .

(h) Provision is also made for such other incidental measurements
as may be necessary for special purposes.

Experimental work is now in pro. to determine the effect of
different fuels on the performance of typical aeronsautic engines, par-
ticularly &t very low air pressures and temperatures. is imme-
diate program wes laid out to assist in the specification for aircraft
engine fuels to be supplied to the Army for service in Europe.

DESCRIPTION OF LABORATORY AND EQUIFMENT.

In designing the laboratory it was decided that results could be
best obtained in a test chamber in which the entire engine in opera-
tion could be surrounded by conditions of air pressure, air tempera-
ture, and air velocity substantially duplicating actual fiying condi-
tions, To accomplish this result required a practically air-tight
chamber of sufficient strength to withstand an excess of air pressure
of 10 pounds per square inch or more on the outside and large enough
to contain an engine, & large bank of direct-expansion ammonisa
coo]in€ coils, and the necessary fans for producing the air blast, with
space left for working around the engine. The essential auxitiaries
outside the chamber consist of en electrical dynamometer for absorb-
ing and measuring the power, an ammonia refrigerating plant for
cooling the air circulating in the chamber and for cooling and drying
the air taken to the carburetor, an exhaust blower of sufficient capacity
to withdraw the exhaust from the engine and discharge it at atmos-
Eheric pressure, auxiliary chambers in which the exhaust gases can

e cooled before reaching the blower, tanks for supplying and weigh-
ing the gasoline, water supply controfled by  thermostat for cylinder-
jacket cooling, water supply for cooling the exhaust gases, a gravity
vacuum drain pipe for removing the exhaust coolmg water, and the
experimental measuring equipment demanded by the various prob-
lems to be undertaken. .

The equipment has &Il been designed for use with engines up to 300
hotsepower and any attainable speed, with Liberal allowances so that
considerably higher powers can probably be handled, particularly
as the power available at low pressures will be correspondingly less
than normal. The Sprague dynamometer is rated at 300 horsepower
with considerable overload capacigjl;: The Nash blower has a volu-
metric capacity about twice the displacement of & 300-horsepower
engine at a pressure of one-half atmosphere, and the Yorkrefrigerating
machine is of 25-ton refrigeration cepacity, which should prove ample.

The refrigerating epparatus, exﬁaust 2blower, and dynamometer

uipment are conventional units purchased for the purpose in hand.

ence the only portions of the equipment specially designed are the
building, low-pressure chamber, the air-coo%j.n.g system, the engine
support, and the apparatus for measurements of air mntake, fuel,
temperatures, and pressures.
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Of the above the building offers no unusual features, being & tem-
porary structure of frame and stucco, designed to accommodate the
vacuum chamber and auxiliary machinery.

The low-pressure chamber shown. in 1 is of concrete, 1 foot
in thickness, heavily reinforced with §-inch steel bars to provide
against pressure from without. The two door open.i:ﬁs , the front one
being shown in the ﬁfure‘, are on o‘ﬁlposite sides of the test chamber
and are 4 feet by 64 feet in size. e doors swing on hinges and sre
built up of 2 by 7 mch oak beams 4% feet long and spaced 7 inches
between centers, the outside being covered with 4-inch soft wood
loosely held with headless nails and covered over with air-proof
roofing paper. This construction was ado‘fhted as a safeguard against
possible explosion inside the chamber. e very light covering of
the doors might be blown off without danger to the concrete walls.
To guard against excessive air leaks the outside of the chamber is

covered with a very heavy coating of asphalt paint and the doors
close against, heavy rubber gagkets.

The engine is mounted at the right end of the test chamber, figure 1.
The wallg of the chamber are pierced by a number of holes appro-
priately placed, each being provided with a flange and gasket through
which the various connections are made. The ﬂexiﬁe coupling of
the e to the dynamometer is made through 8. The engine is
controlled through 8 by means of & system‘iﬁ pull rods and bell
cranks. The gasoline is supplied from overhead tanks through 17.
These tanks rest on pfatform scales so that the weighing is done at
the right of the front door. The pressure tubes are brought through
18 to appropriate manometers while an oil-gauge lead and n
thermometer leads are brought through 13. All this apparatus,
together with the manometers for the venturis of the two water-
cooling svstems, is mounted near the engine controls. Likewise the
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dynamometer control board and the auxiliary switch board for the
blower and refrigerating compressor motors is near by. Thus the
chief operator not only has complete control of the engine but also
of all the auxiliary eqtmpment. At the same time he can see at a
glance everything that is happening. Klectricel leads used in mak-
g the necessary heat measurements are brought through 5 and 6
to an instrument teble. The cylinder jacket water enters through
15 and returns through 16 to an overhead mixing tank supplied
with a thermostat to regulate the temperature. _

The air-cooling system consists of two parts. A series of direct-
expansion ammonia coils mounted on top of the chamber is l?ro-
vided for cooling the carburetor air. These coils consist of about
2,000 feet of 13-mch piping inclosed in a box insulated with 4 inches
of sawdust. e_air 18 made to pass through this coil box in a
tortuous path and is then led through an insulated pipe provided
with a regulating valve to the bottom of the test chamber at 7.
From this inlet the air passes through a box in which it-is metered

directly to the carburetor, thus supplying cold air to the intake
when desired,

The second part of the cooling system consists of about 800 feet
of ammonia expansion coils mounted in the left end of the test
chamber as shown in the sectional diagram, figure 2. Four fans are
furnished to force air over the coils at high velocity. The object of
these coils is to absorb the heat given out by the exposed surface
of the engine. A fan is also provided for producing & high air
velocity past the engine itself, if so desired. . . ]

The engine exhaust cooling system is shown diagrammatically in

2. The exhsaust pipes connected to the engine are water-
jecketed, the inner pipe extending about 3 feet from the engine,
while the water jacket is continued from the exhaust elbow to the
main exhaust manifold in the form of & flexible rubber hose. In
this way the whole connection is made flexible and the water from
the jacket enters the exhaust pipe at a considerable distance from
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the engine. The water enters the test chamber through 14 and is
distributed to the exhsaust pipes as shown in the .

The mixture of exhaust gases and water passes through a 5-inch
pipe to the auxiliary exhaust chamber where the water is drained
of;thro h the gravity drain pipe and the gases pass to the exhaust
blower. o exhaust manifolds and chambers are provided, one
for each set of cylinders in a V-type engine. Kach side is provided
with six inlets for pipes from the e.

The engine support was designed for the purpose of duplicati
as nearly as possible the flexibility and the inertia of the fypic
fuselage mounting. The design developed makes possible an accu-
rate adjustment of stiffness as regards transverse and vertical vibra-
tion and rotation about each of the three principle axes of the engine,
but as no date were at hand as to the corresponding cheracteristics
of any fuselage mountings, the support was constructed on the basis

FIGURE &

of estimates of these constants, and appears to possess nearly the
desired characteristics for the engines mounted on” it up to the
present time.

The design of this sugport is fllustrated in figure 3. Two oak
beams, 4, mn this case 2 by 6 inches by 6 feet 8 inches supported at
the ends form the basis of the mounting. The engine is mounted
directly on two supplementary beams, B, of 2 by 4 inch section and
of the Jength required for the %:,orticula.r engine under test. These
supplementary beams are free from the mam beams except at two

ints where they are bolted together through & thin separating

lock, 0. Two yokes, E, are provided to prevent torsion of the
individual beams, but have no other effect as they are free from
contact with any other part of the stracture.

Selection of the dimensions of the main beams and adjustment of
the spacing between the points of subport of the seconéary beams
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permits of adjustment of vertical and lateral stiffness and approxi-
mate adjustment of resistance about a vertical axis and & hori-
zontal axis at right angles to the axis of the crank shaft. Stiffness
as regards rotation about the latter axis can be adjusted by a third
beam of prc}qper dimensions rigidly connected at the ends and to the
yoke rods, F.

The experimental program laid out in connection with the altitude
laboratory, including a general study of the performance of aero-
nautic engines under high-zititude conditions, is in progress and
much valuable information is in prospect. The subject o precom-
pression engines and the development of precompression blowers or
pumnps is to be given special attention.
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PART 2.

RADIATOR DESIGN.
By H. C. DickmnsoxN.

In this country, cooling radiators for seronsutical engines have
been mainly adaptations of those developed for the cooling of auto-
mobile ines where air speeds are very much slower and where
weight and particularly head resistance are of minor importance.

The rational design of radiators to meef the requirements of
maximum cooling capacity with minimum head resistance and
minimum weight under velocity, pressure, and temperature
conditions met with in flight requres considerable fundamentsal
information regarding the laws of air flow and of heat dissipation
in the honeycomb air-tube and vertical flat water-tube types of radi-
ator construction used to-day. At the start of the investigation
practically none of this information was available althouEB recently
received reports of the British and French commissions have added
much that is of value.

A radiator when mounted on any particular airplane will have a
definite figure of merit depending upon the type and speed of the
plane, the location of radiator, the temperatures of the air and
water, the barometric pressure, and the rate of circulation of the
cooling water. The figure of merit as used hersin is defined as the
ratio of the power (i. e., in the form of heat) abstracted from the
cooling water to the I[)):wer absorbed in carrying the radiator. Part
of this power absorbed in carrying the radiator is used in over-
coming head resistance and I:ia.rt in supporting its weight. If the
ratio of lift to drift for the plane is known, or assumed, these two
factors can be combined into a single ﬁgm-e for equivalent head
resistance and therefore of power absorbed in carrying the radiator.

The problem suggested above is too complex to permit of a com- .
plete general solution, hence it was necessary to lay out a program
which could be completed in & reasonable time and which would
give results of most immediate importance. -

The questions of more immediate importance appear to be some-
what as follows: What are the effects on the figure of merit and its
component factors of (a) changes in air velocity through the radiator,
® cgl.oa.ng% in head velocity, (¢) changes in ratio of depth to diamster
of radiator cells or air passages with changing diameter and width
of air passages, (d) addition or omission of secondary cooling surface
@. e., metallic surface not in direct contact with cooled water), (e)
addition of devices or changes of design to increase turbulence of

487
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the air stream, (f) changes in velocity of cooling water, (¢) changes
in turbulence of water streams as affected by design of water passages,

These questions could be best answered by the study of a sufficient
number of-special models designed and constructed specifically for
the purpose of observing each factor separately, but-the practical
difficulty of constructing such & series of models in point of time
made it advisable to limit the initial experiments at Jeast to specimen
radiators of t, already in use with such modifications of dimensions
as could be devised and built by the various makers, thus extending
as far as possible the experimental range.

In pursuance of this program, two experimental wind channels
were designed and constructed to accommodate specimen radiators
with an sed frontal aree of 8 by 8 inches of typical air cells or
passages, the necessary water connections not being included in

area,

The first wind channel shown diagrammatically in figure 1 is con-
structed inside a steel chamber in which the air pressure can be reduced
to a fraction of an atmosphere. Air velocitiesin thischannel at atmos-
pherioc pressure up to about 70 m. p. h. can be obtained without the
specimen in place, or from 50 to 65 m. p. h. through the air cells of some
oIf) the types of specimen radiators when placed in the channel. Pro-
viston is made for measurement of velodities, pressure differences, and

temperature differences in both the air and water streams; for meter-
ing the air and the water and for close control over the temperatures
and rates of flow of both water and air.

The velocities obtainable in this channel, while reasonabl¥ adequate
for calorimetric measurements, were not deemed sufficient for a study
of head resistance at very hﬁﬁ speeds. Therefore, the second chan-
nel was constructed in which velocities of about 120 m. p. h. are
atteined in the open channel and up to 90 m. p. h. with certain radi-
ators in place. this channel, measurements of air velocity and
resistance to air flow are made, but it has been impracticable to
duplicate the celorimetric equipment which is elaborate and com-
plicated, requiring numerous instruments which could not be pur-
chased or built wmithout much delay.

In order to correlate the figure of merit as determined in these ex-
periments with the performance of the radiator in an open sir stream
measurements of the head resistance and tube velocities in & win
tunnel of large size, at least 4 feet in diameter, are necessary. The
necessary equipment for these measurements will be available at the
Bureau of Standards by February 1.

A series of some 45 or more specimen radiators have been secured
representing practically all the radiator designs now in use on air-
planes or automobiles, together with & number of modified designs
to cover more fully the ﬁeeured experimental range of cell dimen-
sions, Measurements for determining the figure of merit of a num-
ber of these specimens have already been completed, observations
having been made in both of the 8-inch wind channels. The im-
mediate program calls for the detailed study of about 20 of the
radiators in hand, so selected as to give the nec data for a pre-
liminary report on the several questions outlined above. Until the
observations on these specimens are completed, none of the results

. can be put in final form, although the following tentative conclusions
may be drawn from the results already obtained:
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(1) The amount of heat transferred is nearly ﬁrogort-ional to the
velocity through tubes when the ratio of the length of the air cells to
their diameters is greater than about 8. This relation holds for
velocities up to about 60 m. p. h. through the tubes.

(2) The pressure difference necessary to force air through the tubes
isin nearly all cases proportional to ¥ where V is the velocity through
the tubes and varies from 1.5 to 2.5, depending on the air cells con-
struction. '

() Various features added for the purpose of &mducing turbulent
flow in the air passages are by no means equally efficient. Some
types introduce resistance that is not compensated for by a corre-
sponding increased cooling capacity.

(4) en properly designed, indirect cooling surface, i. e., metal
not in direct contact with the water, appears from the present data
to be good practice. S

(5) Increasing the water velocity in different types of radiator con-
struction in general results in increasing the rate of heat transfer,
but by no means in like proportion in all radiators.
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PART 3.

SPARK PLUGS.
By H. C. DicEmsox.

In December, 1916, the National Advisory Committee for Aeronaut-
ics requested the Bureau of Standards to undertake alaboratory study
of the spark-plug l%roblem which had arisen because of the very
severe conditions of temperature ami{fressure existing in modern
aviation engines. The work has }irov t0 be of much wider scope
than was originally anticipated. It includes an investigation of the
various_properties of materials entering into the comstruction of
spark plugs with a view to improvin% thelr construction and design,
and a study of various related problems in ignition systems. .I?u
connection with this work, tests have been fn:ised for specifica~
tions, and routine acceptance tests made on plugs purchased by the
Government.

The work has also involved numerous conferences with represen-~
tatives of all the more important manufacturers of airplene spark
plugs, and also with members of the foreign scientific missions.

As g result of these conferences, it appears that the sources of
trouble in spark plugs may be rougfll grouped as follows:

1. “Cut~out,” or failure of the spar{(, due to short circuif resulting
from the electrical conductivity of the body or the surface of the
insulating material of the plug at high temperature.

2. Preignition due to excessive heating of parts of the plug.

3. Fo of the insulating parts by carbon.

4, Cracking due to differential thermal expansion.

o rﬁs}ﬁn Ivo ges Iealc“ﬁge' £ electrodes, bridging of

6. or causes, such as warping of electrodes, bridging of the
gap with oxides, carbon, or oil:LE.rect puncture of the material, and
mechanical breaimge.

Some of these troubles, such as mechanical breakage, bridging,
ete., are essentially accidental and can be studied satisfactorily only
from statistical data. Others, such as “cut-out,” fouling, and
preignition, lend themselves more readily to experimental study and
most of the work thus far has been amed at these troubles. An
understanding of the causes of these failures requires primarily a
knowledge of the conditions existing in the eylinders and BE;III{) ugs
of & modern aviation engine. The first two also require a knowledge
of the ability of ignition apﬁlaratus to deliver a spark from an imper-
fectly insulated plug, end the first is intimately connected with the
electrical resistance of the insulating material at high temperatures.

491
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The gas leakage through a spark plug, though not in itself enough
to aéect the operation of t%e ine, is exoeedjn%y detrime1111t-ga1
since it rapidly heats the body of the insulator and brings on other
types of failure frequently causing the complete destruction of the
p uf. The work thus far accomplished will, therefore, be discussed
under the headings of ‘‘Engi econditions,”“f[ ition systems,” * Gas
tightness,” and ‘“Electrical conductivity at high temperatures.”

ENGINE CONDITIONS.

To indicate the conditions under which spark plugs operate, a
study of the sparking voltage and temperature conditions in a

asoline-engine cylinder has been undertaken. Using a pressure

omb which could be heated in an electric furnace, measurements
have been made of the sI-)[‘arking voltage at 60 cycles across each of
three different air gaps. Thiswas done at temperatures up to 430°C.
and at pressures up to 7.5 atmospheres. The data confirm the con-
clusions of other observers at lower temperatures, that the break-
down voltage is proportional to the density of the gas and is inde-
pendent of pressure or temperature at constant density. It was
noted that when the electrodes are heated, as is the case in a pl
firing steadily from a magneto, the gas in the gap is thereby warme
and the density diminished so that the sparking voltage is conse-
quently reduced.

By using & Kenotron vacuum tube in series with a static volt-
meter, it was found possible to measure the maximum voltage on an
ignition circuit. e voltage across a plug with a gap adjusted to
0.020 inch in a Hall-Scott aviation engine running at full load was
found to be about 6,000 volts. This value can be reconciled with
that com?uted from the density of the gas in the cylinder at the
instent of firing by making reasonable allowance for the heating
effect of the hot electrodes on the gas near them.

A number of spark plugs have been drilled so that thermo couples
can be inserted in the center electrode or in the porcelain inside the
shell. Determinations of the temperature at these points have been
made in several engines. Temperatures as high as 800° C. in the
electrode and 400° C. in the porcelain have been obtained. It is
}n;ihly desirable that further measurements of this kind be made on
other types of plugs and engines, particularly on engines which are
known to be severe on plugs, such as the Hispano-Suiza.

IGNITION SYSTEMS.

As an aid in studying the behavior of ignition systems a number
of instruments have been devised including e thermocouple cross
for measuring the current, the peak voltmeter mentioned above, and
a co]gper calorimeter for measuring the entire heat energy of the
spar.

A collection of magnetos of different makes have been submitted
by the Signal Corps for an exhaustive series of tests. The ener;
per i‘park from each. of these has been measured at several spee
and found to vary from 0.05 to 0.12 joule ;Er spark. Also a deter-
mination has been made of the resistance which, put in parallel with
the megneto, will draw so much current that the magneto fails to
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Eive a spark at about 6,000 volts. The value of this resistance has
een found to be of the order of 80,000 ohms. Further measure-
ments with an oscillograph will be taken Up as S00n &S mOore assis-
tants can be obtained.

ELECTRICAL CONDUCTIVITY.

plug is its ability to meaintain a high electrical resistance at the high
temperatures at which & spark plug operates and & very considerable
amount of work has been done in studying this property. Over
100 complete curves of resistivity vs. temperature have been obtained
on specimens of verious insuleting materials. The ceramic labora-
tory of the Burean has made up a large number of specimens of
porcelain covering the whole quartz-kaolin-feldspar field, in the form
of cups which are convenient for resistivity measurements. Several
porcelain manufacturers have also submitted samples of their meterial
in this shape. It is also possible, though with much less accuracy
to determine the resistivity of material in completed spark plugs an
& number have been measured, including not only the principal
American porcelain plugs but also German and French poreelains,
mica, “lava,” steatite, glass, and quartz specimens.

In’ all these substances the resistivi d.rotﬁs very repidly with
increase of temperature and roughly follows the exponential law.

One very important property of the insulating material of a si?%k

logyep=c— bt

Where p is the volume resistivity (ochm-centimeters) and # is the
temperature in degrees C. ’

In the following table are given the values of b and ¢ for various
materials, applicable in the range from 250° to 600° C.; also in the
column headed p+/500 the resistivity of the material at 500° C. in
megohm-centimeters, and in the column headed 7, the temperature
at which the resistivity is 1 megohm-centimeter.

Electrical conduetivity of some insulating materials, between 250° and 600° C.

[Log.ep==c—tt.]
Material, ] c p+/500 Te
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In making these measurements it was found that if direct current
were used the specimens showed & very considerable “‘ polarization™
effect. This caused the apparent resistance to increase considerably
with the time of application of the measuring voltage, even for im-
pressed voltages of several hundred volts. It was therefore found
necessary to use alternating current in these measurements, and with
this method the resistance was found to be independent of the volt-
age, frequency, and previous applications. Af the higher tempera-
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tures the resistance is so low that the heating of the specimen by the
measuring current becomes appreciable. Most of the data given in
the table were obtained with 500 volts at 60 cycles impressed on the
specimen, '

GAS LEAKAGE.

The volume of air leaking through the body of the plug has been
measured for a number of types o plu:% This was done by screw-
ing the plug info a container and applying an air pressure of 150
pounds per square inch. The entire container was then immersed
in a tank of o1l heated to 200° C. This heating develops any leaks
which result from differential thermal expansion and is very severe
since the outer parts become heated first. A graduated glass tube,
originally filled with oil, can be placed over the plug and the volume
of air escaping thus collected and measured. E.[‘he amount, of this
varies from zero up to several cubic centimeters per second, but a
good plug should not show more than 0.2 c. ¢. per second.

SPECIFICATIONS.

In collaboration with the inspection division of the Signal Corps,
their material specification, No. 28004 wes drawn up and is now being
revised in several details. A copy of this specification, is appended to
this report. Some 25 different types of plug have been tested in
accordance with these specifications. T]fe principal tests so far
developed are those for electrical resistance at high temperatures,
gas le ¢, dielectric strength and cracking under sudden changes
1n temperature. .

The first two tests are based on the work described above, the
limits set at present being that the resistance of the plu shall be
greater than 500,000 ohms at 400° C. and that the gas leakage shall
not exceed 0.2 c. c. per second of free air at 200° C. and 150 pounds
per square inch.

The cold dielectric strength is measured by placing the insu-
lators under oil and applymng an alternating electromotive force,
between the center electrode and & narrow metal strip around the
center of the insulator. Good material should withstand 25 to 30
kilovolts, at which voltage flash over through the oil occurs.

The only test available for cracking consists in heating the por-
celain insulators to 300° C. and then_plunging them into water at—
room temperature. They are then subjected fo an clectrical break-
down test to detect any serious crad]is It has been found that
soaking the porcelaing in an alcoholic solution of eosin, is & very sen-
sitive test and will show cracks which would otherwise be entirely
invisible. The quenching test at 300° followed by an application of
voltage has been the subject of considerable adverse criticism and is
admittedly very drastic; but since materials are available which will
withstand it, it seems best to retain it until a better test is devised.
An attempt has been, made to duplicate engine conditions with re-
spect to temperature %ra.dients bly eatﬁnglgne end of the plugs with
a surface combustion burner while the shells are screwed into & water
jacket. It has not as yet been found practicable to obtain sufficient
temperature gradient by this method.
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FURTHER WORK. .

Since the element of accident enters into so many of the causes
of failure of spark plugs, it is of the highest importance that accurate
statistical data be accumulated concemin%erthe average life and
ultimate nature of failure of & large number of plugs of various
types used in a variety of engines in actual service. Such data can,
of course, be best obtained af the flying fields, and the committee is
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planning to secure systematic statistical data by cooperation with
the Signal Corps.

Other work which should be undertaken as soon as possible in-
cludes a study of the mechanical strength of the plugs, a more inti-
mate Investigation of the deposition of carbon and of preignition,
and of the characteristics of ignition systems.
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